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Introduction
The Armington import demand elasticity and constant elasticity of transformation (henceforth CET) for export supply are key parameters for trade policy analysis. Armington elasticity is based on the assumption that the same kinds of commodities of different origin are not perfect substitutes in demand (Armington 1969) . Whereas for the CET assumption, in the context of trade, the commodities sold at different market destinations are imperfect substitutes in supply.
Armington elasticity represents the degree of substitutability between domestic and imported commodities due to changes in the relative prices of these commodities, while CET is the degree of substitutability between exported commodities and those sold at the domestic market. These trade elasticities play a major role in computable general equilibrium (CGE) modelling that is used to assess the impacts of trade and other policies. The outcomes of CGE models are almost invariably sensitive to trade elasticities, and therefore the proper estimation of CETs and Armington elasticities is vital for reliable CGE modelling (Gallaway et al. 2003) .
The objective of this work is to estimate Armington and CET elasticities and functions for different industries of South Africa. We first estimate the short-and where possible, long-run elasticities using the most common approach in previous Armington elasticity literature. This method applies the first order conditions of cost minimization for Armington function, and first order conditions of revenue maximization for CET function, in order to use linear methods to estimate the elasticities. Next, we employ a non-linear method to estimate normalized Armington functions by feasible generalized least squares estimators. Previously this method has been mainly applied to study constant elasticity of substitution, and direction of technological growth between capital and labour (for details about the methodology see Klump et al. 2007 and 2011; León-Ledesma et al. 2010 , and for application on South Africa see Kreuser et al. 2015) . The advantage of non-linear estimation of normalized Armington function is that it allows us also to estimate growth factors, which affect the relative value (value shares of the total composite supply) of DCDP and imports over time.
The rest of this paper is organized as follows. Section 2 presents the Armington and CET functions and the methods for their estimation. Section 3 describes the data used in the estimations. The results are presented and discussed in Section 4. Section 5 concludes the paper.
Background and estimation procedure

Background
We assume that a representative consumer draws utility from the composite supply of domestic and imported goods. This forms the basis for an Armington function, whereas for CET function the assumption is that producers face a production possibility frontier between domestic and exported goods. The unnested Armington or CET function that formalizes the concept of constant elasticity of substitution or transformation can be defined simply as:
where is the output, which can be perceived as the composite supply for Armington function and aggregate marketed domestic production for CET function. Input denotes the imports in Armington function and exports in the CET function and is the domestic consumption of domestic production (henceforth DCDP). is the shift parameter. The share parameter that defines the distribution between imports/exports and DCDP is denoted by , and finally is a function exponent that defines the constant elasticity between the inputs. This elasticity is given by = 1/(1 + ), where it is assumed that ∈ (−1,0) ∪ (0, ∞) for an Armington function and < −1 for a CET function (Lofgren et al. 2002) . The values of are assumed to be members of these given sets to assure that the isoquant is concave to origin and convex to origin for Armington function and CET function respectively. The concavity and convexity of the Armington and CET function isoquants are illustrated in Figure 1 , where all isoquants are drawn assuming equal Armington and CET function outputs and parameters, except the function exponent.
Figure1: Isoquants of Armington and CET functions
Source: Author's own illustration based on Equation (1).
In order to employ a linear estimation method, we use first order conditions of cost minimization for Armington function, and first order conditions of revenue maximization for CET function to define the logarithmic ratios between imports/exports and DCDP:
where and denote the prices of DCDP and imported/exported products. If the concavity and convexity assumptions of isoquants are assumed to hold, the constant elasticity σ needs to be positive for Armington function and negative for CET function. These assumptions ensure that an increase in the relative price increases the ratio between imports and DCDP for
Armington function and decreases the ratio between exports and DCDP for the CET function.
Estimation procedure
For estimation purposes, equation (2) can be rewritten as:
where
and is the constant elasticity of substitution or transformation for the Armington or CET function respectively. We follow the work by Gallaway (2003) and take into account possible non-stationarity and co-integration of the data to estimate long-run elasticity estimates, where possible. This approach has also been previously applied to estimate Armington elasticities for South Africa (Gibson 2003) . However, due to the data issues, Gibson (2003) was not able to define long-run elasticities for most of the industries in her paper.
We first study the stationarity and co-integration of our data by the weighted symmetric unit root test and the Engle-Granger procedure. Then, one of the following estimation equations is applied to estimate the elasticities for given industry according to stationarity and co-integration of the data. If both and are stationary the following estimation model is estimated:
where is an iid error term. Long run elasticity is ̂= 1 /(1 − 2 ) if 0 < 2 < 1, otherwise 1 is the short run elasticity ̂. If both and are non-stationary and cointegrated, then the following estimation equation is employed:
where ∆ = − −1 and ∆ = − −1 . Short-run elasticity is ̂= 1 and long run elasticity is ̂= −( 3 / 2 ). If both and are non-stationary and not cointegrated or if only one of them is non-stationary, then the estimation is defined by equation:
1 Outliers of the data are handled in the linear estimation by adding factor dummies for each outlier year (max three for each industry).
where ̂= 1 is the short-run elasticity.
Finally, we estimate elasticities and input specific growth rates for Armington function using a non-linear estimation method and normalized functional form (Klump et al. 2011) . The input specific growth rates define how much the given input's share of the total output value grows over time. Thus, growth rates reflect the change in the relative utility value between the inputs. In order to take growth effects into account, we redefine the Armington function (1) for time period and industry in logarithmic normalized form with growth parameters and D :
where _ is the arithmetic mean of value share of imports of the output , and _ is the arithmetic mean of the time period. ̃,̃ and ̃ represent the geometric means of output, imports, and DCDP respectively (for more about normalized CES functions and their estimation, see for example Klump et al. 2007; León-Ledesma et al. 2010; Kreuser et al. 2015) . is a normalization constant to control for the biases due to the use of geometric means in the normalization. It is assumed to be close to unity.
is the constant Armington elasticity. Following the first order conditions of cost minimization, the logarithmic prices for imports and domestic production are defined as (Klump et al. 2011) :
A system of equations (7)- (9) is estimated jointly to attain estimates for the elasticity and growth parameters. For CES production functions, the estimation of the normalized production function together with the first order conditions has proven to be superior to single equation approaches (León-Ledesma et al. 2010) . We apply similar system of equations to the context of Armington functions. An estimation method of non-linear equation systems nlsystemfit provided by the R-software systemfit package is used to estimate this system of equations. We employ a feasible generalized least squares version of a two-stage least squares estimator (aka three-stage least squares estimator) 3SLS that allows the errors across regressions to be contemporaneously correlated, and controls for the endogeneity of the regressors in the equation system Hamann 2007, 2015) . Figures 2 and 3 illustrate the ratio of imports or exports and DCDP over the studied time period of 1970-2014 for the main aggregated industries (excluding mining and quarrying). From these figures, we can see that for industries other than manufacturing, the imports during recent years have been less than 10 per cent of the DCDP, whereas in the case of exports the highest ratios are for manufacturing and agriculture. 7 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 The relevant price indices and are defined as a ratio of current value and real value for each input. In the nonlinear estimations of the Armington function parameters, output value Y is defined as the supply of an industry in the domestic market in current prices. The value share of imports used in the normalized Armington function is calculated as the ratio of current value of imports to current value of total supply in the domestic market. The price indices for manufacturing and agriculture (highest import and export to DCDP ratios) are presented in Figure 4 . We can see that the price indices that deviate most from the general trend are the price indices of agricultural imports and exports. 6 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Industry aggregation levels
We use several industrial aggregation levels in the estimations following the Standard Industry Classification (SIC) of the Quantec database. In the most aggregated level, there are nine industries, which are described in Figure 5 . These industries are divided into 26 sub-industries of which 10 belong to manufacturing. The manufacturing industry has further 27 sub-sub-industries and an industry class, services, has two sub-industries (detailed diagrams of all industries are available from the author by request). In total, there are 64 aggregation units, but some of them do not have sufficient import/export data to run the estimations. The linear estimation method is applied individually for each aggregation unit that has sufficient data. 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Using the nonlinear estimation method and normalized logarithmic Armington functions, we estimate growth and elasticity parameters jointly for different industries. First, the parameters are estimated jointly for the nine aggregated industries presented in Figure 5 . We then focus on the manufacturing industry and estimate normalized logarithmic Armington functions for manufacturing sub-industries and sub-sub-industries. Compared to the other nine main aggregated industries, the ratio between the imports and DCDP has been relatively high for the manufacturing industry. During the whole period of this study , the average ratio is 0.49 in 2010 prices and 0.39 in current prices whereas for the other nine industries except mining and quarrying, the average ratios vary between 0.003 (construction) and 0.09 (transport, storage, and communication). When measured in total industry output including the intermediate inputs, manufacturing industry has the highest output value of all industries (on average 28 per cent of all real valued industry outputs during 1970-2014). Due to the trade intensiveness and the abundance of sub-industries and sub-sub-industries, manufacturing industry is an auspicious target to use nonlinear method and normalized functional form to estimate Armington function parameters jointly for different industries. The first four sub-industries (1-4) and their subindustries (sub-sub-industries) of manufacturing are presented in Figure 6 and the last six subindustries (5-10) and their sub-sub-industries are presented in Figure 7 . 
Armington elasticities and growth parameters
Results of the linear estimation for Armington elasticities of the main aggregated industries are given in Table 1 , whereas the estimation results for sub-industries are provided in Appendix 1, Table A1 .1. For all of the main industries and for most of the sub-industries, the elasticities are estimated using the estimation equation (6) The positive and significant (p < 0.10) short run Armington elasticities, with positive adjusted R 2 values, for other industries vary between 0.386 for other mining, and 1.379 for basic non-ferrous metals. Because most of the industries are estimated using the regression Equation (6), we are only able to estimate short run elasticities except for rubber products, for which we attain a long run elasticity of 2.563. The other most import-sensitive industries in the short run are beverages (1.332) and wearing apparel (1.303). In addition to other mining, the industries with the lowest significant short run Armington elasticities with positive adjusted R 2 values are printing, publishing, and recorded media (0.413) and, wood and paper; publishing and printing (0.531). Next, we present the non-linear estimation results of normalized logarithmic Armington function (7) and logarithmic price equations (8-9) for nine main aggregated industries and then focus more closely on the manufacturing industry. The four parameter starting value sets used in the estimations are combinations of elasticity values σ =0.5 or σ=3, and growth parameter values = = 0.1 or = = 0.8. The starting values can be perceived as initial guesses for the estimated parameters, which are then used as the starting values in the minimization of the objective function for the 3SLS estimator (for more detailed definition see Henningsen and Hamann 2015: 29) . The main problems related to the assigned non-linear estimation method (nlsystemfit, 3SLS) are possible convergence issues and sensitivity to the estimation starting values. 3 We first estimate the normalized Armington function for the nine main aggregated industries presented in Figure 5 . In the estimations, we assume that the growth parameters or elasticities do not vary among these nine industries. The results are given in Table 2 . In Table 2 , several estimations are made based on different assumptions on the growth factors and D . We first assume that the growth is only import augmenting, by setting the growth factor of DCDP to zero, = 0, and estimating the growth factor for imports freely. Next, we set the growth factor of imports to zero, = 0, and estimate the growth factor for DCDP freely. Finally, we estimate both growth factors with no constraints on them. The interpretation of the growth factors depends on the value of the estimated Armington elasticity. When σ < 1, then imports and DCDP are gross complements whereas in the case of σ > 1, they can be perceived as gross substitutes (Klump et al. 2011 ). Ifσ < 1, then growth factor > 0 increases the demand for DCDP more than for imports, whereas if σ > 1, then growth > 0 augments only the imports. In the case where σ = 1, growth does not favour either. Due to these interpretations, it is obvious that different values of Armington elasticities and growth factors could yield equivalent outcomes. In Table 2 , the first two elasticity values (1.036 and 1.003) are very close to one and growth factors are positive when one growth factor is set to zero. Based on these results, it is not possible to draw conclusions that growth favours either imports or DCDP for the nine main aggregated industries. However, when both growth factors are estimated freely, then elasticity is significantly higher than one and growth factor is higher for imports (0.098). This might suggest that growth may favour imports more than DCDP. The results of the estimations for main aggregated industries divided into categories: Primary industries, Secondary industries, and Tertiary industries support the finding that there is no strong evidence that growth favours either imports or DCDP (these results are provided in Appendix 1, Table A1.2).
We then estimate the growth parameters and elasticities for the ten aggregated manufacturing subindustries. These results are provided in Table 3 . Now the Armington elasticity is higher than one (1.080) when growth is import augmenting and lower than one (0.891) when growth is domestic supply augmenting. In both cases, the growth parameters are positive. This implies that growth benefits imports. In the case where growth affects both inputs, the elasticity (0.931) is lower than one, which means that growth parameters have a higher impact on the other input. In this case, the growth parameter is negative (-0.096) whereas the growth of DCDP is positive (0.158), which supports that growth has a more positive effect on imports. Tables 4-5 show the estimation results for the ten manufacturing sub-industries assuming that growth affects either imports or DCDP. These results are estimated using the data of sub-subindustries and grouping them by sub-industries. The results add to the evidence that growth favours imports. For all of the industries except for 'wood and paper; publishing and printing', the Armington elasticities are higher than one and growth factors for imports are positive when growth of DCDP is set to zero. Whereas in the case where the growth factor of DCDP is estimated freely and the growth factor of imports is set to zero, the elasticities are lower than one and the growth factors are positive. In Table 6 , where both growth parameters are estimated freely for the ten manufacturing sub-industries, all the estimated elasticities are higher than one and all growth factors are higher for imports than for DCDP. 
Export supply elasticities
The results for CET elasticities of the main aggregated industries are presented in Table 7 (results for other industries are given in appendix 1, Table A1 .4). For CET functions, we were only able to estimate positive elasticities, which contradict our hypothesis that relatively higher export prices would increase the relative supply of exports compared with production aimed at the domestic market. The positivity also means that the isoquant is concave to origin for all CET functions. is the price index of the exports and is the consumer price index for South Africa. For the study period of 1992-2014, we have positive and significant values for three of the nine main industries (Table 8) . However, these positive values do not translate as negative CET elasticity values. Note: *, **, *** reflects significance at 10, 5, and 1 per cent level respectively.
Source: Author's own calculations based on Quantec data.
Conclusions
The objective of this paper was to estimate Armington and CET elasticities and related function parameters for different industries of South Africa. We found positive (0.386-1.379) and significant short-run Armington elasticity values for most of the studied industries. However, we were not able to estimate long-run elasticity values for almost any industry, because of stationarity and co-integration characteristics of our data. For CET elasticities, we failed to estimate negative values, which contradict our initial assumption that CET elasticities are negative. This may be at least partly due to issues related to the data used in the estimation of CET elasticities. For example, our price data includes export taxes and tariffs and therefore, it is not perfectly equivalent to the true export prices that producers face. Using the normalized Armington functions and non-linear estimation method, we were able to estimate Armington elasticities simultaneously with related import and DCDP growth factors. The results of these estimations suggest that growth over time is higher for imports than DCDP in the manufacturing industry. This results in an increase in the import's share of total value of domestic supply. 
Appendices Appendix 1 Additional results
The last column of Table A1 .1 (Prev SR) shows the short-run Armington elasticity estimates of the study by Gibson (2003) on South-African Armington elasticities. The results were estimated using data from years 1970-2001 and the structure of their import data differs from the import data used in our study. This might explain why some of our elasticity estimates compare poorly to those of Gibson (2003) . N=45, years: 1970-2014 , if not mentioned otherwise.
Source: Author's own calculation based on Quantec data. 
